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AHHOTANMA

B naGopatopHOM mpakTHKyMe 10 00mIel (PU3UKE CTYACHTHI BBITOJIHSIOT JIAOOpaTOpHBIE PabOTHl MO pa3aeity
Kypca oOmeit ¢usuku: «Onrtuka". B naboparopuu kadeapsl NPeNCcTaBICHO JOCTATOYHOE KOJIMYECTBO
YCTaHOBOK IO KaXKIOMY paszeny Kypca. JlabopaTopHble yCTaHOBKM IPYIIHPYIOTCS IO TeMaM pasesna. Tembl
71a00paTOpHBIX pabOT OPraHU30BaHbI B MApIIPYThI, O KOTOPHIM HPOBOIUTCS BBIIIOJTHEHHE PA0OT CTYICHTAMH.
Jns kaxaod 1abopaTtopHOW pabOThI TOATOTOBICHBI CIICIMATbHBIC OINMHMCAHHS: OMHCAHUE TEMBbI PAOOTHI,
OIIMCAaHUE IKCIIEPUMEHTA, NPOBOAMMOIO B Ja0OpaTOpHON paboTe M TEeXHUYECKOE ONUCAaHHE J1a0OopaTOpHOM
yCTaHOBKH. B 1a00paTopHOM NpakTHKyMe pacCMaTpUBAIOTCS KIFOYEBBIC IOHATUS JKCIEPUMEHTAILHON
(GU3UKH, CTYICHTHI 00y4aloTCs JIEMEHTapHBIM 3KCIIEPUMEHTAIBHBIM METO/IaM, a TaKKe HaBbIKaM palboThI C
000pyIOBaHUEM.

[IpakTuyeckas padora B 1a0OpaTOpPHU MO3BOJISET CTYJACHTaM pa3o0paThCsi B 0a30BbIX (PU3UYECKHUX BOMPOCAX,
0e3 KOTOpPBIX HEBO3MOKHO TNITyOOKOe MOHMMaHue oOuield Gpu3uku. /i yCrenHoro ocBoeHus 1ab0paTopHOTO
NPaKTHKyMa CIyIIaTeIl0 HEOOXOOMMO BiajeTh 0a30BbIMM HAaBBIKAMH IIPOBEJICHUS OKCIEPHUMEHTA,
MOJyYEHHBIMH B HIKOJIE, BJIAJETh OCHOBaMHM MaTeMaTHYeCKOro aHaJn3a, 3HaTh OCHOBBI JIMHEHHON anreOpsl,
TEOPHUHN BEPOSITHOCTEH, a TaKKe MPUMEHATh 3HAHWS, NTOJIYUYECHHbIC HA JIGKIIMOHHBIX U CEMUHAPCKUX 3aHATHAX
1o obmeit pusmke.

1. leau u 3apauu

eap AUCUMNIMHBI
(hopMupoBanre 0a30BBIX 3HAHWU M0 Qu3uKe M yMeHHs paboTarh B j1ab0OpaTOpuu Ui NajdbHEHIIero
WCIOJNB30BaHUSI B JIPYTHX JWCIWIUIMHAX €CTECTBEHHOHAYYHOTO COJCpKaHus; (HOpMHUpOBaHHE
KYJIBTYpPBl 3KCIEPUMEHTa, HCCIIEIOBATeIbCKIX HABBIKOB M CIIOCOOHOCTH TPUMEHSTH 3HAHUS Ha
MPaKTHKE.

3anauu QUCHUTNIHHBI
- ¢opmupoBaHue y 00ydaronIuxcsi 0a30BbIX 3HAHUH 10 PU3UKE;

- dopMupoBaHue KylibTYpbl JKCIIEpHMEHTA: yMEeHHE paboTarh B Jaboparopuu, 3HATh OCHOBHEIC
METO/Ibl SKCIICPIMEHTA, YCTAHABINBATh JIOTHUECKUE CBSI3U MEXK/y TIOHATHSIMH,

- (I)OpMI/IPOBaHI/Ie yMeHI/II\/’I U HABBIKOB IIPUMCHATH IIOJYYCHHBIC 3HAHUA JJIA IMOCTAHOBKH
IKCIICPUMCEHTA, CAMOCTOATCIIbHOI'O aHaJIN3a IMOJYUCHHBIX PE3YJILTATOB.

2. llepedyens popmMupyemMbIX KOMIETeHUMH

OcBoeHue TUCIUILTMHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONINX KOMITETEHITHINA:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-1 CniocobeH npuMeHSITh
(dyHIaMEHTATbHbBIC 3HAHUS, MIOJTyUCHHBIC B
obnacty GpU3NKO-MaTeMaTHUECKUX U (HITH)
€CTECTBCHHBIX HayK, U HCIIOJIb30BaTh UX B
podeCcCHOHAIBHOMN JIeTeIBbHOCTH

OIIK-1.3 CnocobeH ompenensTs TpaHHIbl TPUMEHHUMOCTH
MOJTyYEHHBIX PE3YJbTaTOB

OIIK-3 CriocobeH cocTaBisITh U 0QOpMIISTh
Hay4HbIC U (UJIM) TEXHUYECKHE
(TEeXHOIOTHYECKUE, MHHOBAITMOHHBIC) OTICTHI
(my6nuKauym, MpOeKThI)

OIIK-3.3 Bnaneer MeTofaMu BU3yalbHOTO U rpadUyecKoro
MPEICTABICHUS PE3yNbTaToB Hay4HOM
(Hay4YHO-TEXHUYECKON, MHHOBAIIMOHHOW TEXHOJIOTHYECKON)
JESITEIbHOCTH B BUJIE OTYETOB, HAyYHBIX ITyOIMKaLIUI

[1K-3 CnocoOeH BbIOMpaTh U MPUMEHSATH
noaxozsiee 000py10BaHHE, MHCTPYMEHTHI U
METO/IbI UCCIIEOBAHUH IS PELLICHHS 3a]1a4 B
M30paHHOW NpeAMETHOM 00IacTH

[IK-3.2 3naer o6macTy W KPUTEPUHM NPUMEHUMOCTH
UCHOJNb3YEMBIX TEOPETUYECKMX IIOIXOJOB U  yMEHHUE
OLICHUBATh TOYHOCTH MNPHUOJMKECHHBIX aHAIUTHYECKHUX
METOJOB BBIYUCIICHUH

3. IlepeyeHb NIAHMPYEMBIX Pe3yIbTATOB 00yUeHHUsI N0 JUCHMILINHE (MOLYJII0)
B pesynbrare 0cBOHHS AUCLUIIIMHBI 00Yy4alOIINeCs JOIKHbBI

3HATb.

- METOJUKY IIPOBEIECHUS 3KCIIEPUMEHTA;

- MeToauKy oO0paOOTKH MOTYyYEHHBIX PE3YJbTaTOB.

YMETB:

- paboTarh ¢ COBpPEMEHHBIM U3MEPUTEIILHBIM 000PYIOBAHUEM;
- TIPaBWIBHO 00pabaThIBaTh MOMYYECHHBIE SKCIIEPUMEHTAIbHbIE JaHHBIC.




BJIAJIETh:

- HaBbIKaM# pabOTHI C COBPEMEHHBIM N3MEPUTEIBHBIM 000PYIOBaHUEM;
- OCHOBHBIMH MaTe€MaTHUYE€CKHUMU HHCTPYMEHTAMHU, XapaKTEPHBIMH IS 33124 MEXaHUKH.

4. Coaep:xanue TUCUMILIUHBI (MOAYJIs), CTPYKTYPHPOBAaHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHUeM
OTBEJICHHOI'0 HA HUX KOJMYECTBA AKAAEMHYECKUX YaCOB 1 BH/I0B Y4eOHBIX 3aHATHI

4.1. Paznenbl TUCTMITIIMHBI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUJaM yUEOHBIX 3aHSATHIA

TpynoeMKOCTb 110 BUAAM Y4eOHBIX 3aHATUH, BKIIIOYAs
CaMOCTOSITENIbHYO padoTy, Jac.
No Tema (pa3nen) TUCIUTUTMHBI
Camocr.
Jlekrum | Cemunapsr | JlaGopar. paboTs
pabora
1 I'eomeTrpuueckas onTuka 6 8
2 Uzyuenne natepdepeHnn ceera 6 8
3 Hudpakuus csera. 6 8
4 OmnsiTel @panka-I'epua u Pamzayspa 6 8
5 N3ydyenne cHekTpoB #oma W aroMoB 6 ]
BOZIOpOJA
6 HccnenoBaHue SHEPreTHYECKOTO CHEKTpa 6 3
Oera-4yacTull
7 3ammwura pabot 4 2
Hroro yacos 40 50
[ToaroTroBka k sK3aMeHy 0 yac.
Oobmas TpynoEMKOCTb 90 gac., 2 3a4.ex.

4.2. Cogep:xaHue OUCHUILTUHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszeiam)
Cemecrtp: 4 (Becennuit)

1. TeomeTpuueckas OnTuKa

LenTtpupoBaHHble onThdecKkue cucTeMbl. DOKanbHbIE W IVIaBHBIE TOYKH, (OKYCHBIE PACCTOSHHUSA,
ONTUYECKas CHjla, YBEIIMYCHNUE ONTHYECKOl crcTeMbl. [locTpoenne nzobpakeHwuii. JleiicTBUTEIbHBIC
U MHUMBIE H300pakeHHss W mnpenmeTsl. Dopmyna TOHKOM JmH3BL. [IpuHUOMIBL paboOTHI JIyHH,
TEJIECKOIa U MUKPOCKOIIA.

2. U3yuenne unrepdepeHun ceera

UnTepdepeHinonHoe U3MeEpeHHe KPUBHU3HBI CTEKISIHHOH MOBEPXHOCTH C IOMOIIBIO  KOJIEI]
Heiotona. MHrepdepeHMOHHBIE H3MEpEHHs IOKa3aTeied MpeJOMIICHHsT Ta30B C IOMOUIbIO
unteppepomerpon Kamena u Penes.

3. Mudpaxmus crera.

UccnenoBanmne spnenuns audpakunn Openenss m Dpaynropepa Ha menu. M3ydenuwe BiaMsHUA
audpaKknyuy Ha pa3penaonryo ClioCOOHOCTh ONTHYECKUX UHCTPYMEHTOB.

4. Onbitel @panka-l'epua u Pamzayspa



Nzyuenune nudpakiym cBeTa HA CHHYCOWAANBHONW aKyCTHYEeCKOH peniérke u HaOmoneHue (hazoBon
PELETKU METOAOM TEMHOTO II0JS.

5. M3ydeHue cnekTpoB i10Ja 1 aTOMOB BOAOPO/Ia

Omnpenenenne AU(PaKIUOHHOTO TMpeneia pa3pelieHus 00beKTUBa MHUKpOcKoma mertonoMm Abode.
Omnpenenenue mnepuoja pemeéroKk MO HX IMPOCTPAHCTBEHHOMY CIIEKTPY, IO H300pakeHHIO,
YBEJIIMYCHHOMY C IIOMOLIBIO MOJIEJIM MUKPOCKOTIA, a TaKXke, 110 OLEHKE pa3pellaronieid criocoOHoCTH
MHKpockomna. [IpocTpancTBeHHAs GUIBTPaLU U MYJIbTUIUTUIIMPOBAHHUE.

6. MccnenoBanue SHEPreTUYECKOTO CIIEKTpa OeTa-4acTHIl

HccnenoBanne uHTEp(EpEHIIMM pPACCESTHHOTO CBeTa, Mmpoureamero Kpucrawl. HaOmonenue
M3MEHEHHS XapaKTepa MOJISIPU3alliK CBETa MPH HAIOKESHUH HA KPUCTAJLT IEKTPUIESCKOTO OIS,

7. 3amuTa padot
IIpoBepsieTcst 3HAaHUE CTYICHTAMH OCHOB 00pPa0OTKU Pe3yJBTaTOB DKCIIEPUMEHTOB. 3aluTa pador.

5. Onucanne MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HEO0X0MMO AJIsl OCYIeCTBJICHHUS 00Pa30BATEILHOIO
npouecca o JHCHUIIMHE (MOLYJII0)

Cemecrtp: 4 (Becennuii) Ontuka

Jlabopatopus 312 I'K.

4.2.1 Konbua HetoToHa 4 ycTaHOBKH

4.2.2 Unrepdepomerp KameHna 2 ycTaHOBKH.

4.2.3 Unrepdepomerp Penes 3 ycranoBku

4.2.4 Unrepdepomerp MaiikenbcoHa 1 ycTaHOBKA.

4.3.2 Jlndpaxiyst Ha YJIBTPa3ByKOBBIX BOJHAX, A-yCTaHOBKA C BEPTHKAIBHON IIEJIbI0. 2 YCTAHOBKHU.
4.3.2 ludpaxuust Ha yJIBTPa3ByKOBBIX BOJIHAX, b-ycTaHOBKA ¢ TOPM30HTAIBHOM ILENbI0. 3 YCTAHOBKU
4.8.1 lndpakiyioHHble penieTku A- aMIUIUTYIHBIC PEIIETKH 3 YCTaHOBKH.
Hudpakunonnsie pemerku b-Dmener 2 ycTaHOBKH.

4.8.2 Tlpusma (roHUOMETp) 2 YCTAaHOBKH.

4.8.3 Unarepdepomerp Pabpu-Ilepo 2 ycraHoBKH.

4.7.2 TynnenupoBanue Ha CBY.1 ycranoBka.

Jlabopatopus 313 I'K.

4.1.1 Usy4yeHne LEeHTPUPOBAHHBIX ONITUYECKUX CUCTEM 3 YCTaHOBKH.

4.1.2 MonenupoBaHie ONTUYECKUX TPUOOPOB U OIpEesIeHUE UX YBEINYCHUS - 3 YCTAaHOBKH.
4.1.3 Pedpakromerp ABBE 4 ycranoBkwu.

Jlabopatopus 316 I'K.

4.3.1 ludpaxmus cBera 8 ycTaHOBOK.

4.2.5 KorepeHTHOCTb CBETa 2 YCTaHOBKHU

Jlabopatopus 318 T'K.

4.4.1 [IsoitHOE MyuenpenoMicHue 4 yCTaHOBKH.

4.4.2 3ddexr [Nokenbcona 4 yCTaHOBKH.

4.4.3 Tlongapuzanns § yCTaHOBOK.

4.4.4 BpameHue miIoCcKOCTH MONIApU3alnu | ycTaHOBKa.

Jlabopatopus 322 I'K.

4.5.1 Usyuenue nazepa 1 ycraHoBKa

4.5.2 NatepdepeHiius Ja3epHOro U3IYUCHUsI 2 YCTaHOBKH.

4.5.3 Ckanupyromuii naTepdepomerp 1 ycraHoBKa.

4.6.1 Pazpemaromas ciocoOHOCTh MUKpockomna (Meton A6Oe) 4 yCTaHOBKH.
4.6.2 TlpeoOpazoBanue Oypre B ONTHKE. 2 YyCTAHOBKH.

4.6.3 T'onorpamma 2 yCTaHOBKH.

4.6.4 CamopenponyKuus 2 yCTaHOBKH.

6.IlepeyeHnb pekoMeHyeMOii TUTEPATYPbI

OcHoBHas 1uTeparypa



1. OcuoBsl pusuku [Texct] : Kype obmeit ¢pusuku : B 2 7. T. 1. Mexanuka, 3IeKTpUIECTBO U
margeTusM. Konebanus u Bonusl, Boanosas ontuka / A. C. Kunrcern, I'. P. JIokmun, O. A. OJ5X0B ;
mont pen. A. C. Kunarcera .— 2-e u3z., ucnp. — M. : ®usmaniur, 2007 .— 704 c.

2. O6mmit kypc ¢usuku [Texcr] : 8 S T. T. 3, Y. 1 : yue0. mocobue nns By3oB / 1. B. CuByxun .— 3-¢
u3M., uctp. u gorn. — M. : Hayka, 1996. — 320 c.

3. JlaboparopHsIii ipakTukyMm 1o oorieit pusuke [Texct] : B 3 7. T. 2 : OnTuka : y4e6. mocodue s
BYy30B / oz pefl. A. B. Makcumbrdesa ; M-Bo oOpa3zoBanus u Hayku PO, Mock. ¢pu3.-TexH. uH-T (Toc.
yH-T) .— M. : MOTH, 2014 .— 446 c.

PexomeHnioBaHHasI TUTEpaATypa Uil CAMOCTOATEIILHOTO N3yUYCHUSI.

1. Kanamankos H.IT., CmonabipeB M.A./OcHoBBI Gu3nku B 2-x Tomax M.-JlaGoparopust 3uanuid, 2017

JlononHuTenbHAS TUTEpaTypa
1. Metojp! perieHus 3aja4 B o0ieM kypee ¢pusnku. Mexanuka [Tekcer] : yae0. mocodue 1ist By3oB / B.
I1. KopsiBoB .— 2-e u3xa., uctip. — M. : Ctygenr, 2012 .— 382 c.
2. KoneGanus u BonHbl. BBenenue B akyctuky, pannogusuky u ontuky [Tekcr] : yue6. mocobue s
By30B / I. C. lopenuk ; mon pea. C. M. PeitoBa .— 3-¢ uzn. — M. : @u3marnut, 2007 .— 656 c.
3. Onruka [Tekcr] : y4e6. mocobue st By3oB / E. . Bytukos ; mon pea. H. Y. KanureeBckoro .— M. :
Bricmas mxoma, 1986 .— 512 c.
4. Onruka [Teker] : yue6. mocobue mis ¢us. crert. By30B / I. C. JlanncOepr .— 6-€ u31I., CTepeoTHIL.
— M. : ®usmamiut, 2003 , 2006, 2010 .— 848 c.

5. OcHoBsl onTuky [Tekct] : [yue0d. mocobue s By30B] / M. boph, 3. Boned ; iep. ¢ anrmi. C. H.
Bpeyca, A. U. TonoBamkuna, A. A. lllyouna ; nox pen. I. [1. MoryneBnu .— M. : Hayxka, 1970 .— 855
c.

6. ®usnueckas ontuka [Texct] : yueOHuk mis By3oB / C. A. Axmanos, C. 1O. Hukutua .— M
W3n-Bo MI'Y, 2004 .— 656 c.

PexomenoBanHas turepaTypa JJisi CaMOCTOSTEIIBHOTO U3yUCHMSI.

1. 000000575. Benenue B KOTEpEHTHYO ONTUKY U rojorpaduto [Tekct] : yaeOHO-METO. TOCOOHE 110
Kypcey : Obmas gusuka / coct. C. M. Kozen [u ap.] ; M-Bo o6pazoBanus PD, Mock. ¢pu3.-TexH. HH-T
(roc. yu-1), Kag. obmeit puzukun .— M. : MOTU, 2000 .— 42 c.

7. llepedyeHs pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHUKAIIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 OCBOEHHST TUCIMIIJIMHBI (MOTYJIsA)

http://mipt.ru/education/chair/physics/index.phpCaiit kadenps! o0meit Guanku
http://www.physics.ru- 06pa3oBaTenbHbIIH CANTCINIEMEHTAPHBIMU CBEJICHUSAMU TI0 (DU3HKE.
http://www.edu.ru- henepanbhsiii mopran «Poccutickoe oOpa3oBaHue.
http://benran.ru-6nbaroTeKa 1Mo ecTeCTBEHHBIM HaykaM PocchiicKol aka/ieMUu HayK.

M

http://www.i-exam.ru- equHbIi optan MHTepHeT-TecTUpoBaHus B cepe 00pa3oBaHuUsl.

8. IlepeyeHb HHPOPMALMOHHBIX TEXHOJIOTHIi, HCIIOIb3yeMbIX NPH OCYLIeCTBICHUH 00Pa30BaTeJIbHOIO
npouecca 1o JHCHUIIMHE (MOIYJII0), BKJIIOYAs NepedeHb He00X0ANMOro NPOrpaMMHOro odecrnedyeHnst
¥ MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

Ha nannbix xommeiorepax ucnosis3ytorcs OC MSWindows, FreeDOS, nporpamma MathCAD, a takxke
MporpamMmmsl, pazpaboTaHHbIe TPOrPAMMUCTAMH YIeOHO-METOJUUECKOTO TIeHTpa Kadeaphbl.

B npouecce camocTosATENbHOM PabOTHI 00YHaIONIMXCS BO3MOXHO UCIIOJIb30BAHUE TAKUX MPOTPAMMHBIX
cpeacts, kak Mathcad, Scilab, Originu np.

9. MeToauyeckue yKazaHus AJis1 00y4ar0IMXCs 10 OCBOCHUIO U CHUIIMHBI (MOILYJIs1)

VYeneniHoe ocBoeHUE Kypca TpeOyeT HanpsHKEHHOM caMoCTOsATeNbHOM paboThl cTyfeHTa. B mporpamme
Kypca TpUBEACHO MHUHUMAJIbHO HEOOXomuMoe Bpemsl [uis paldoThl CTylIeHTa HaJ TEMOH.
CamocrosiTenpbHas paboTa BKIIOUAET B Ce0s:

- YTEHME U KOHCIIEKTUPOBaHHE PEKOMEHIOBAHHOMU JINTEPaTyPBbI,

- TpopaboTKy yuebHOro Marepuaina (1Mo yueOHOH M HaydHOH JuTeparype), MOAroTOBKY OTBETOB Ha
BOIIPOCHI, IPEIHA3HAUEHHBIX [UI1 CaMOCTOSITEIbHOIO M3YyHEHHUs, Jl0Ka3aTelIbCTBO OTHAEIbHBIX
YTBEpKJICHUH, CBOWCTB;



- TOATOTOBKY K AN(EpEeHINPOBAHHOMY 3aUETy.
PykoBOACTBO W KOHTPOJNb 32 CaMOCTOSTENBHOW paboTOM CTylaeHTa ocymiecTBisieTcss B (opme
WHIUBUAYaIbHBIX KOHCYIBTAllUN.

[loka3zarenem BiaJeHHs] MaTepHaIOM CIY)KUT yMEHHE pewmarh 3afadd. s GopMHUpOBaHUS yMEHHS
INPUMEHATh TEOPETHUYECKHE 3HAHHS Ha MPAKTHKE CTYJCHTY HEOOXOIMMO pemarh Kak MOXHO OoJbIe
3agay. [Ipu pemieHuu 3a1a4 Kaxaoe 1eHCTBHE HEOOXOANMO apTyMEHTUPOBATh, CChUIAsACh HA U3BECTHHIC
TEOPETUUECKUE CBEICHMS. 3HAUUTEIbHO OOJIETYUTh PELICHUE 3a7a4d MOXKET XOPOIIO BBIOJIHEHHBIN
YepTeX, €CIM OH COOTBETCTBYET YCJOBHIO 3aAaud (MPSIMOM yrojl HapHCOBaH HPSMBIM,
paBHOOEIPEHHBII TPEYTOJbHUK - PAaBHOOEAPEHHBIM M T. A.). Ilpm MoAroToBKE K NPaKTUYECKUM
3aHATUSM HEOOXOIUMO MOBTOPSITH paHee U3yUCHHBIE OCHOBHBIE ONpeaeeHHs, (HOPMYIUPOBKH TEOPEM.
B Hauane 3aHATHS, Kak TPaBWIO, MPOBOMUTCS KopoTkwii (10-15 MUHYT) ompoc 1o Marepuany
MPOLICAIINX 3aHATHH B YCTHOW MM MUCHMEHHOM (opme. OOBIMHO NMPHUACPKUBAIOTCS CIEAYIOLICH
CXEMBI: U3y4YEeHHE Marepualia JIeKIMU 110 KOHCIEKTY B TOT K€ JIeHb, KOrJa ObUIa MpoCiIyllaHa JEeKIUsI
(10-15 muHyT); MOBTOpEeHHE MaTepualla HakaHyHe cieaytomen ysekuuu (10-15 munyT), nmpopaboTka
y4eOHOro MarepHaja 1o KOHCIEKTaM JISKIMH, y4eOHOH 1 Hay4HO# JuTepaType, MOArOTOBKA OTBETOB
Ha BONPOCHI, NMPEIHA3HAYCHHBIX ISl CAMOCTOATENBbHOTO M3ydeHus (1 yac Henmenro), MOATOTOBKA K
IPaKTHYECKOMY 3aHATHIO, pemieHue 3agad (1 uac). BaxHo nOOMTBCS NMOHUMAHUS H3y4aeMOro
Marepuaia, a He MEXaHW4YeCKOro ero 3armoMuHaHus. [lpy 3arpygHeHMH H3ydeHHUsS! OTACIBHBIX TEM,
BOIIPOCOB, CleAyeT oOpamiarbcs 3a KOHCYJIBTALMSMU K JICKTOPY WJIM IIPENOAaBaTeNio, BEAyIEMY
MPAKTUYECKUE 3aHSITHUS.

OO0s13aTenbHBIM TPEOOBAaHUEM SIBIISICTCS BBITIONHEHUE JIOMAIHUX Pa0oOT, KOTOphle O(QOPMIISIOTCS B
CHEIUANbHO OTBEAEHHON IS 3TOTO TETPAJIN U CHCTEMAaTHYECKU CAAIOTCS HA IPOBEPKY.

JlomonmHUTEIHHAS IUTEPATYpa:
1. pyt 2.B. Terodpusuveckue cBoiicta TBEPABIX Ten. — M.: MOTH. 2012.
2. NmxanoB b.C., KarmutonoB .M., FOaun H.I1. Yactuuer u atomusie sapa.M.: JIKH, 2007.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: [Ipuxnagaeie MaTeMaTHKa U GU3NKA

npopuiIb NOArOTOBKHU: YnpapneHue HHHOBALMSIMU B OM3HECE
Ou3Tex-1mkona Ou3Heca BHICOKMX TEXHOIOTUN
kageapa obueit pusnku

Kypc: 2

KBaJIH(UKALUS: OakanaBp
Cemectp, hopMBI IPOMEKYTOUHOH arTectanuu: 4 (BeceHnui) - JlnddepeHunpoBaHHbIi 3a4eT

PaspaGorunkm:

B.B. YckoB, go1eHT
I1.B. TTonos, kaua. ¢pu3.-MaT. HayK, JTOICHT
N.C. YOnun, kaua. ¢pus.-Mar. HayK, JOIEHT



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kon 1 HauMeHOBaHME KOMIIETEHIINH NHIuKaToOpbl JOCTHKEHNUS KOMIIETEHIINH
OIIK-1 CnocobeH npuMeHSITh OIIK-1.3 CnocobeH ompenensTs TpaHHIbl TPUMEHHUMOCTH
(dyHIaMeHTalbHbIE 3HAHUS, IOJTyYCHHBIC B MOJTyYEHHBIX PE3YJbTaTOB

obnacty GpU3NKO-MaTeMaTHUECKUX U (HITH)
€CTECTBCHHBIX HAyK, U HCIIOJIb30BATh UX B
npodeCcCHOHALHOMN JIeTeTBHOCTH

OIIK-3 CriocobeH cocTaBisITh U 0QOpMIISTh OIIK-3.3 Bnaneer MeTofaMu BHU3yalbHOTO U rpadUyecKoro
HAy4HbIC U (MJIH) TEXHUUCCKHE MPEICTABICHHUS pe3yNbTaToB Hay4HOM
(TexHonornvyeckre, THHOBALIMOHHBIE) OTYETHl  |(HAYYHO-TEXHUYECKOW, WHHOBAIIMOHHON TEXHOJIOTUYECKOM)
(MyOnMKanum, MPOEKTHI) JESITETLHOCTH B BUJIC OTUYETOB, HAYUHBIX MyOIHKAINN

[TK-3 CriocoOeH BbIOUpaTh U TPUMEHSITH [IK-3.2 3maer o00MacTH® ¥ KPUTEPUH TNPUMEHUMOCTH

nojxozsiiee 000pyI0BaHHE, MHCTPYMEHTBI I |UCIIOJIB3YEMBIX ~ TEOPETHUECKHX IOAXOJOB M  yMEHHE
METO/Ibl HCCIICIOBAHUH JUISl pEIICHHS 331a4 B |OLICHMBAaTh TOYHOCTb MPUOMIKCHHBIX — AHAIUTHYECKHX
M30paHHOW IPeAMETHOM 00IacTH METOJ/IOB BBIYMCIICHUHA

2. Iloka3aTe/in OLlEHUBAHUA KOMITETEHIU

B pesynbrare uzyuenust aucuuiuiniel «O01mas gusmnka: 1adoparopHbIid MpakTUKYM. YacTh 4» oOydaronuiics
JOJKEH:

3HATh:
- METOIMKY IPOBEACHUS SKCIIEPHUMEHTA;
- MeTOoauKy 00pabOTKH MOTYYEHHBIX Pe3yJbTaToB.
yMeThb:
- paboTaTh C COBPEMEHHBIM U3MEPUTEIBHBIM 000PYyI0BaHHEM;
- TMpaBWIBHO 00padaThIBaTh MOMYYSHHBIC SKCIICPUMEHTAIILHBIC JaHHBIC.
BJIA/IETh:

- HaBbIKaMH pa60TBI C COBpCMCHHBIM U3MCPHUTCIbHBIM O60pyI[OBaHI/IeM;
- OCHOBHBIMH MAaTE€MAaTUYC€CKUMU UHCTPYMCHTAMHU, XaPAKTCPHbIMU JJI4 3a1a4 MCXaHUKH.

3. IlepeyeHb THNOBLIX (IIPHMMeEPHBIX) BONPOCOB, 32/1aHUI, TeM /ISl MOATOTOBKH K TeKylleMy KOHTPOJII0

1. Kak cBsizanbl Mexxy coboii Bektopsl D u E B aHn3zorpomnHoii cpene?

2. Kak mnHampaBneHa omnTH4YecKass OCh B OIHOOCHOM KpHCTAJIJIE OTHOCHUTEIBHO IJIABHBIX OCeM
AIUTUTICOUIA AUIICKTPUISCKUX MTPOHUIIAEMOCTEH?

3. [Jalite onpeneneHre MIaBHbIX MOKA3aTeIeH IPEeIOMIICHUSL.

4. IlpuBenuTe MpUMeEp, KOTAA BOJHA, PACTIPOCTPAHSIONIASCS B KPUCTAJUIE, SIBIIETCS OOBIK-HOBEHHOU U
KOrZia HEOOBIKHOBEHHOM.

5. Honyuwnre u3 (1) npubnuxEHHOE BhIpaxeHue (2).

6. Kak anekrpomMarHuTHas Teopusi OOBSCHSAET IMOSIBICHUE JIBYX IMPEIOMJIEHHBIX BOJIH TPH NaJCHUH
IUIOCKOW BOJIHBI HAa MMOBEPXHOCTH OTHOOCHOTO KpHCTasa?

7. Kak 3aBUCHT TOKa3aTellb NpeoMIeHHsI OOBIKHOBEHHONW M HEOOBIKHOBEHHOM BOJIHBI OT YIVIa MEXIY
OCbI0 KpUCTaJlJIa U BOJTHOBOM HOpMaJIb0?

8. Kak Oyner 3aBHceTh MOKa3areib MPEIOMIICHHSI ISl OOBIKHOBEHHON M HEOOBIKHOBEHHOW BOJIHBI OT
yIia MPEeIOMIICHHS, €CITH OCh KpUCTajuia OyJeT mapauiebHa OCH BPAICHHS TIPU3MBI?

9. Kak HanpasiieHb! BeKTOpHI E B BRIXOAALINX U3 NPU3MBI JTy4ax?

4. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIIPOCOB M TeM JJISI IPOBEAeHHUA IIPOMEKYTOYHOM aTTecTaluu
o0y4yarommxcst

Pabora 4.1.1.

1.ITokaxkuTe, YTO €CIIM PACCTOSHUE MEXKIy NMPEIMETOM M 3KpaHOM IpeBblmaeT 4f, To n3o0paxkeHne Ha
9KpaHe MOXKET OBITh IOIYYECHO MPU JIBYX PA3JIUYHBIX MOJIOKCHUSX JIMH3BL.




2.0nummTe METOAUKY U3MepeHnst OKYCHBIX PACCTOSIHUIN OTPHLATEIbHBIX JIMH3.

3.laiite ompeseneHus] TIABHBIX (OKYCOB, (POKYCHBIX PACCTOSIHUM W TJIABHBIX IUIOCKOCTEH CIOXKHOM
LIEHTPUPOBAHHONW ONTHYECKON CHCTEMBI.

4.0Onpenenute rpaduuecky MOJIOKEHNUE INIABHBIX IJIOCKOCTEH CHCTEMBI, COCTOSIIEH M3 ABYX TOHKHX
JIMH3 — COOMpaloIel U PacCEeUBAIOIIEH, - C U3BECTHBIMH (DOKYCHBIMU PACCTOSIHUSIMU U PACCTOSHUEM
MEXly HUMHU.

5.Haiite onpeneneHus cepruueckoil 1 XpoMaTuieckoi abepparuii.

6.00bscHUTE, TToYeMy cdeprueckast abeppalinsi 3aBUCUT OT TOTO, KAKOW CTOPOHOHN TUIOCKOBBIMYKIIas
JMH3a o0palleHa K UCTOYHHUKY.

Pabora 4.1.2.

1.C Kkakoil mUenbl0 TpU MCCICIOBAHWM MOZENECH TEJIECKONOB H MHKPOCKONA HCIONb3YeTCs
JONOJIHUTENbHAS 3pUTebHas TpyOa?

2.Yemy paBHBI IONEPEYHOE, YITIOBOE U MPOAOILHOE YBEINUEHHS TEIECKOIa, €CIIU Nepeanne GpoKycHbIe
paccTosHus ero 00BEKTHBA U OKYJIsipa paBHBI cooTBeTcTBEHHO f1 =40 cM u 2 = —2 cm?

3HpI/I KaKOM YCJIOBUH YITIOBOC YBCIMYCHNUC MUKPOCKOIIA PAaBHO HOHGpC‘IHOMY?

4. BeiBenmure (opmyny (4) u  OOBSCHUTE COOTBETCTBYIOIIUN METOJ MW3MEPCHHS YBEIWUYCHUS
MHUKPOCKOTIA.

Pabora 4.1.3.
1.Uto Ha3bpIBaeTCs MOJHBIM BHYTPEHHUM OTpakeHHeM?
2. J1ns gyero rpanu ab u ed npusm P1 u P2 genator MaToBbIMU?

3.Ilpu KakuX YCIOBUSIX CIOH JKHUIKOCTH MEXIY HCCIeyeMbIM TBEPIABIM 00pa3ioM U mpu3Moii P2 He
BJIMSIET HA U3MEPEHHOE 3HAYCHUE ITOKA3aTeNs IPEIOMIICHHS?

4.Yto Ha3bIBaeTCs aTOMHOW M MOJeKysipHOU pedpakmueit? ChopmynupyiTe NpaBUiIo alJUTUBHOCTH
TS pepakiuii.

Pabora 4.2.1.

1.ITouemy B 1ieHTpe KoJer; HpioTOHA B OTpaXKEHHOM CBETE PACIIONOKEHO TEMHOE MSITHO?
2.Kaxk pacnonoxxens! konbiia HeroToHa B mpoxozsiemM cere?

3.Ilouemy mmpuHa KoJell YOBIBAET C YBETHMUEHHEM MOpsiaKa?

4.ITouemy mpu pacuére HHTEp(EPEHIMOHHON KapTUHBI HE YYHUTHIBAIOT OTPaXXCHHUE OT TepeaHel
(TII0CKO#) TOBEPXHOCTH JIMH3HI?

5.BeiBenuTe Gopmyny, CBA3BIBAIONLYIO IEPUOA OMEHHI, BRIPRKEHHBIN B YHCIIE KOJIEL, C JUTMHAMH BOJIH
CIIEKTPAJIBHBIX JIMHU.

6.Ilouemy  BUAHOCTH  KOJIEIl  yBEIMUYUBAETCS MNpH  JuadparMUpOBaHMM  IIydka  Iepen
OTaK-UILTIOMHUHATOPOM?

7.Hoquy HHTep(bepeHHHOHHBIG KOJIbI1a OOJIBIIINX HOMCPOB KAXYTCA pa3MBITI>IMI/I?

Pabora 4.2.2.

1.Iloyuemy mnactunku P1 u P2 unTepdepomerpa XKameHna AOMKHBI OBITH JOCTATOYHO TOJCTHIMU (HE
Menee 2-3 cm)?

2.MOFYT JIM OTH IINIACTUHKH CHUJIBHO OTIMYATHLCS I10 TOHI_I_[I/IHG?

3.00bscHUTE, TIOYEMY YBEIMYHMBACTCS YUCIO HAOMIONAEMBIX MHTEPPEPEHLHOHHBIX IOJOC, €CIU Ha
MyTH JIy4ed U3 OCBETUTENS! YCTAHOBJICH CBETOQMIIBTP.

Pabora 4.2.3.

1.00bscHUTE, MOYEMY MPH MOOUYEPENHOM MEepeKphiBaHMHU Hienel D Habmrogaemas nudpakiuOHHAS
KapTHHa HE CMEILAeTCs.

2.ITouemy muprHa MIETH S KOJITMMaropa JA0JDKHA ObITh TOCTaToYHO Manoi? OleHnTe MaKCUMaIbHBIN
pasmep 3TOil LIeNu, ecI U3BECTHBI (POKYC KOJUIMMATOPa M PACCTOSHUE MEXKAY ILEIISIMH.

3.byner nu HaGnromaThes 4ETKAs HyJeBas MOJIOCA, €CIIM UCCIEeIyeMOe BEIIECTBO 00JagaeT 3aMEeTHOU
nmucriepcueid n = n(A)? Cuenaiite COOTBETCTBYIONIHME OIICHKH.

Pabora 4.2.4.



1.C Kkaxoil CKOpOCTBIO [IBIJKETCA KapTHHa WHTEP(EPEHIHOHHBIX I0JIOC TpPH HepeMEelIeHUH
MOIBMYKHOTO 3epKaia’?

2.Yem orpanuueHa HauOOJIbIIAS W HAUMEHbLIAs] CKOPOCTH JBHXKEHHS 3€pKajia, KOTOpble MOTYT OBbITh
U3MEPEHBI B Halllel yCTaHOBKE 110 JOIUIEPOBCKOMY CMEIIEHUIO 4aCTOThI?

3.YeMm ompezenseTcss TOYHOCTh B U3MEPEHUM UIMHBI BOJIHBI Ja3epa? Kak 3Ta TOYHOCTH 3aBHCHUT OT
CKOPOCTH MepeMeLIeHUs 3epKaia’?

4 Kakyro ¢opMy wuMEOT WHTEpPEPEHIIMOHHBIE TIOJIOCH TPU TPOU3BOIHHOM PACIIOIIOKESHUU
UCTOYHHUKOB S1 1 S27?

Pabora 4.2.5.
1.Kak cBsizanbl Mex 1y co60# pyHKIMH KOTEPEHTHOCTH U KOHTPACTHOCTH M300paKeHNH?
2.Kak u3MepuTh IIUHY KOTEPEHTHOCTH, PauyC KOTEPEHTHOCTH?

3.Ha puc. 6 npu mepexone uepe3 PKOI MAaKCHUMyMbl HHTEP(EPEHIHOHHBIX IIOJIOC MEHSIOTCS Ha
MUHUMYMBL. [louemy?

4.KaxoB KIIJ[ anexrpryeckoii JaMIbl HaKaJTUBaHUS, HCIIOIB3YEMO JIJIs OCBEICHUS?

5.Kak 3aBUCHT paguyC KOT€PEHTHOCTH OT IIMPHHBI ONTHUYECKOW IENIW W PACCTOSHUS OT INEeNU 0
BXOJIHOM IJIOCKOCTH MHTep(hepomeTpa?

6.Kak wusmeHuTcs umciao HaOMOTaeMbIX HHTEP(EPEHIMOHHBIX II0JIOC, €CJIM MEXAy IJa3oM M|
MHUKPOCKOIIOM YCTaHOBUTb ONTUYECKUH QUIBTP?

Pabora 4.2.6.

1.Kak BO3HHMKaeT CHEKI-CTPYKTypa M 4YeM OHa omimyaeTcs oT mudpaxiuu OpayHrodepa Ha METKOU
ceTke?

2.Ilpn xakux YCIOBUSX OyneT HaOMIONaThCs CHEKJI-KapTHHA NPH OTPAKCHHUHM OT LIEPOXOBATOM
MOBEPXHOCTH?

3.Kak 3aBHCHT paanyc KOppensiuu (pa3oBOTO MHOXKHTENIS OT XapaKTepPUCTUK MAaTOBOW MOBEPXHOCTH,
MOKa3aTeJst MPeIoMIIeHUs MaTepuana’?

4.Yem ompenensiercs anuHa Bektopa |[En| u yron ero moBopora Ha puc. 77
5.Y10 Takoe paanyc MHAUKATPUCH] PACCESHUS U OT YEer0 OH 3aBUCHUT?
6.Kax ucrnosip30BaTh TUCTOrpaMMy KaMepbl s €€ HaCTPOKu?
7.Habnronanock u B ONbITe HApYIICHHUE YCIOBUs <eipy = 07

Pabora 4.3.1. M3yueHue qudpakiuu cera.

1.00bscHUTE, MouemMy npu nudpakuun OpeHens Ha KPyrJIOM OTBEPCTHUH B LIEHTPE KapTUHBI MOXKET
OBITh KaK TEMHOE, TaK U CBETIIOE IISITHO, A MPH TU(PPAKIMK Ha MPEMATCTBUU KPYIIOM 3KpaHe MATHO
Bcerga ceemioe (msTHo Ilyaccona).

2.00bscHUTE, TIOYeMYy cMelleHue Ieiar S2 B OOKOBOM HalpaBlIeHWM B YCTaHOBKE Ha pHC. 3 HE
MPUBOIUT K CABUrYy AM(paKUMOHHOW KapTuHbL. byner nm cmemiarecsi KapTuHa AUQpakiud OpU
CMEIIeHUH 1IeNu S2 BAOJIb OCHU YCTAHOBKH?

3.Ilonyuute dopMyiny i pacrnpenesneHus MHTEHCUBHOCTH Ipu audpakuun PpayHrodepa Ha IBYX
LIETISIX.

4.BoiBenute ¢dopmyny d<i/b f 1. Ha mnpumepe pa3mbITHs HHTEPPEPESHIMOHHONW KapTUHBI MPU
IIMPOKOM MCTOYHHKE OOBSICHUTE, YTO TAKOE MPOCTPAHCTBEHHASI KOTE€PEHTHOCTD.

5.Kak cBs3aHa BUAHOCTh HMHTEPPEPECHIMOHHONW KapPTUHBI C MPOCTPAHCTBEHHOW KOTEPEHTHOCTHIO
ucroynruka? Yem ornmuarorcs rpadukd BUIHOCTH NPH IUCKPETHOM M HENPEPHIBHOM H3MEHEHUH
napaMeTpoB uctouHuka? To e Ui BpeMEHHOW KOTePEHTHOCTH.

6.Copmynupyiite Teopemy badbune.

Pabora 4.3.2. [ludpaxuus cBera Ha yabTPa3BYKOBOM BOJIHE
KonTtponbeHbIE BOITPOCH!

1.ITokaxxuTe, 4TO TEPUON AKyCTHUSCKON PEMIETKH COBIAACT C JJIMHON Oerymieil yabTpa3ByKOBOU
BOJIHBI KaK B ciydae OEryliux, Tak U B clIy4ae CTOSYHMX BOJIH.

[Mokaxwure, uro ¢opmynma A sin [0 m )] =mA  (m=0,£1,£2,...) cnpasemmBa s IrO0OON
MIEPUOANYCCKON PEIETKH, HE3aBUCUMO OT TOTO, SIBIIICTCS JIM OHA aMILUTHTYIHON WiH (pa3oBoH.

2.Kak wu3MeHsieTcs BO BPEMEHHM HHTEHCHUBHOCTh CBETa B JU(PPAKLIMOHHBIX MaKCHUMyMax pPa3HOIo
HopsIIKa P AU(PAKINYU cBeTa Ha OETYIIMX U HAa CTOSYMX YIBTPAa3ByKOBBIX BOJIHAX?

3.B uém oTiimume MeTona TEMHOTO MOoJIst OT MeToa (a3oBoro KOHTpacra?



4.Chopmynupyite 3KCIIEPUMEHTAIBHBIA KPUTEPHA TOTO, YTO aKyCTHYECKasl PemETKa SBISICTCS YHCTO
(ha3oBoii.

Pabora 4.3.3. UccnenoBanue paspemaroniei cnocoOHOCTH MUKPOCKOMa MeTooM A0OGe

KonTtponbHbie Bonpocs

1.KakoMy yCOBHIO JOIDKHO YAOBJIETBOPSITH PACCTOSHUE MEXAY CETKOH M SKPaHOM, YTOOBI Ha SKpaHe
Habronanacek audpakironHas kapruaa Opaynrodepa?

2.ITouemy npu HabMrOACHUH OU(PaAKIMK HA YIAIEHHOM KpaHe TU(paKIMOHHBIE MAKCUMYMBI B CITydae
KPYITHBIX CETOK IEPEKPHIBAIOTCA?

3.Hoquy NpeaAMCET pacrojaracTcsa BOIU3H Hepe):[HCfI (bOKaJ'IBHOﬁ IUIOCKOCTU OOBEKTHBA MI/IKPOCKOHa?

4.TlouemMy mpH CMEIIEHUH CETKH B MONEPEUYHOM HAIPaBICHUU MEPBUYHOE M300paKCHNE HE MEHSETCS,
a BTOPUYHOE CMEIaeTcs?

5.Kakoii mpocTpaHCTBEHHBIH (UIBTP CIIEAYET PACHONOXKUTh B 3aJHEH (DOKAIBHOW ITOCKOCTH
00BEKTHBa, YTOOBI MONYYUTh B IUIOCKOCTH P2 m300paskeHHME CETKM C YMEHBIIEHHBIMH B JIBa pasa
JMHEHHBIMU Pa3MepaMHu sUeeK?

Kputepun onennBanus

Onenka «oTnu4HO (10)» BBICTAaBISIETCS CTYIEHTY, MOKa3aBIIEeMy BCECTOPOHHHE CUCTEMAaTH3UPOBAHHBIC
IyOOKHe 3HaHUS yueOHOI mporpaMMsbl U 3a e€ MpeaesiaMu, a TaK)Ke YMEHHUE YBEPEHHO NMPUMEHATh UX
Ha MPaKTHKE MTPY BHITIOJHEHUH U C/1ade J1abopaTopHON paboTHI.

Onenka «oTan4dHO (9)» BBICTABISIETCS CTYACHTY, IOKA3aBLUIEMY BCECTOPOHHHUE CHCTEMAaTU3UPOBAHHBIE
nry0okue 3HaHUs y4eOHOI MporpaMMbl M YMEHHE YBEPEHHO MTPUMEHATh UX Ha MPAKTHKE IPH PEIICHUN
HECTaHJAPTHBIX 33/1a4.

Onenka «oTan4HO (8)» BBICTABISIETCS CTYACHTY, IOKA3aBLUIEMY BCECTOPOHHHUE CHCTEMAaTH3UPOBAHHbBIE
nyOokHue 3HaHMS Y4eOHOM HporpaMMbl M yMEHHE YBEPEHHO NPHUMEHSATh UX Ha MpPaKTHKE HpU
BBINIOJIHEHUH M cllaue J1aboparopHOW paldOoThl, OIHAKO JOIMYCTUBLIEMY HEKOTOPblE HETOYHOCTH NpHU
OTBETE.

Onenka «xopomo (7)» BBICTaBISETCS CTYACHTY, €CIM OH INPOAEMOHCTPUPOBAJ TBEPAOE 3HAHUE U
yBEpeHHOE ITOHMMAaHNE MaTepuaia y4eOHOI mporpaMMbl B YMEHHE CBOOOTHO MPUMEHATH (U3HUECKUE
3aKOHBI Ha IPAKTUKE MPH BBHITIOJIHEHUH U cade 1abopaTopHOi padoThI.

Omnenka «xopomo (6)» BBICTABISETCS CTYICHTY, €CIM OH MPOAEMOHCTPHUPOBAN TBEPAOC 3HAHUE
Marepuasia y4eOHOH mNporpaMMbl M yMEHHE NPUMEHATh (PU3NYECKHE 3aKOHBI Ha IPAKTUKE IPH
BBITIOJIHEHUH U C/1ade JIa00paTopHOH padoThl.

Omnenka «xopomio (5)» BBICTABISETCS CTYACHTY, €CM OH IPOJAEMOHCTPUPOBANl TBEPAOE 3HAHUE U
MMOHMMAaHKE MaTepuajia yaeOHOW MpOorpaMMbl U YMEHUE PUMEHATh (PU3MUYECKHE 3aKOHBI Ha MTPAKTHKE
MPH BBITIOJIHEHWU M cJllade JIabopaTopHOW pPabOThl, OJHAKO JOMYCTHJI TpPU OTBETE PAJ TPYyObIX
HETOYHOCTEH.

O1reHKa «yIOBJIETBOPHUTEIBHO (4)» BBICTABISCTCS CTYACHTY, ITOKa3aBIIeMy (hparMEHTAPHBIH XapakTep
3HAHWH, JIOMYCKaBLIEMY HETOYHOCTH B (DOPMYIMPOBKE OCHOBHBIX 3aKOHOB M 0a30BBIX HOHSTHI, HO
IIPY 3TOM IPOJAEMOHCTPUPOBABIIEMY CIIOCOOHOCTH BBINIOIHATH OCHOBHBIC 33/IaHUSI ITPH BHITOJTHEHUH U
cmade jaboparopHoil pabOThl H BIaJCHHE OCHOBHBIMH pasjeiiaMH y4eOHOW MpOrpamMbl,
HEOOXOAMMBIMU TS aIbHEHIIET0 00yUeHHSI.

O1rleHKa «yIOBJICTBOPUTENBHO (3)» BBICTABISETCS CTYACHTY, NMOKA3aBIIEMY CHJIBHO (pparMeHTapHBIN
XapakTep 3HAHWH, JOMYCKaBIIeMy IpyObIe OIMOKU B (GOPMYIHUPOBKE OCHOBHBIX 3aKOHOB U 0a30BBIX
MOHSATHH, HO TIPU 3TOM MPOJECMOHCTPUPOBABILIEMY CITIOCOOHOCTh MPH 3TOM MPOJAEMOHCTPHUPOBABIIIEMY
CMOCOOHOCTh BBIMOJIHATH OCHOBHBIC 33J[aHUs TPHU BBITIOJHEHUH W clade j1aboparopHOW paboOThl U
BJIaJICHUE OCHOBHBIMH pa3[eliaMH Y4eOHOW TMporpamMMbl, HEOOXOAM-MBIMHU ISl JajibHEHIIEro
oOyueHwusl.



OrneHKa «HEYJIOBICTBOPUTEIBHO (2)» WM «HEYIOBIETBOPUTENbHO (1)» BBICTABISIETCSI CTY/ICHTY,
KOTOPBIi HE 3HAET 3HAYHUTEIFHYI0 YacTh OCHOBHOTO COJCpP)KaHUs IPOrPaMMBI, CHCTEMaTHYECCKH
JoITycKaeT rpyObie omMOKY Mpu GOPMYIMPOBAHIH OCHOBHBIX (PU3NYECKUX 3aKOHOB MU HE CIIOCOOCH
KOPPEKTHO MPUMEHATH (PU3MIECKHE 3aKOHBI JaKe VIS PEIICHHs IPOCTHIX 3a/ad.

5. MeTonuueckne MaTepuaIbl, ONpeIesoNne MPoueIypPbl OIleHNBAHUS 3HAHU, YMEHUIl, HABBHIKOB U
(W1M) oNbITA AESITEILHOCTH

3adeT B KaXIOM CEMECTpe HPOBOIUTHCSA MO HUTOraM TeKylled ycreBaeMOCTH (pe3yabraraM caa-uu
nabopaTopHbIX PaboT)



3. [lepeyeHb THMOBBIX KOHTPOJILHBIX 3a1aHMI{, HCIOJIB3YeMbIX /I ONlEeHKH 3HAHWM, yMe-
HUM, HABBIKOB

[Tpomexxyrounasi arrecranus no aucuuiuimHe «OOmas ¢u3uka: J1adopaTOpHBIA MPAKTUKYM.
UYacte 4» ocymiectBisiercs B hopme qudhepeHIMPOBAHHOTO 3a4€Ta.

Jiis momydenus 3auéTta CTyJACHTY HE0OXOAUMO BBIMOIHUTH 3aJaHHOE KOJIMYECTBO JTa00paTOPHBIX
paboT. [{1s BRIMONMHEHUS KaX10H 1abopaTOpHOU paboOThl CTYAEHT JOHKEH MOATOTOBUTHCS K BBI-
MOJTHEHHUIO PaboThI, CAATh MOATOTOBKY MPEOIaBATENI0, BBITOJHUTH SKCIIEPUMEHTAIBHYIO YacTh
paboThl, BHITOJIHUTE HEOOXOAUMBIE PAcYEThl U 0POPMUTH pabOTy, cllaTh pabOTy IPENOAaBATEIIIO.
Jli nmonydeHus 3ayeTa 1o Kaxaoi padboTe Npe1yCMOTPEHbI KOHTPOJIbHBIE BOIIPOCHI:

Pabora 4.1.1.

1.ITokaxwure, 4TO €CIIU PACCTOSIHUE MEKIY NPEAMETOM U 3KpaHOM IpeBbliiaeT 4f, To n3o0pa-
JKEHUE Ha SKPaHE MOXKET OBITh MTOJIyUYEHO NPH JIBYX PA3JIUYHbIX [TOJIO)KEHUSAX JINH3HI.
2.0numuTe METOANKY M3MepeHHs (POKYCHBIX PACCTOSHUIN OTPUIIATEIBHBIX JIHH3.

3.[laiiTe onpezneneHus TIaBHBIX (POKYCOB, (POKYCHBIX PACCTOSHUN M TIABHBIX IUIOCKOCTEH
CJI0’)KHOM LIEHTPUPOBAHHOM ONTHYECKOW CHCTEMBI.

4.0Onpenenute rpaguUECKH MOJT0KEHNE TTIABHBIX TNIOCKOCTEH CHCTEMBI, COCTOSAIICH U3 ABYX
TOHKUX JIMH3 — COOMparoliei u paccerBaroUIeil, - ¢ U3BECTHBIMU (DOKYCHBIMU PAaCCTOSHUSIMU
U PACCTOSIHUEM MEX1Y HUMH.

5.Maiite onpenenenus chepruuecKoil 1 XpoMaTHIEeCKOH abepparuil.

6.00mscHUTE, TOUeMy cheprueckas abepparis 3aBUCUT OT TOTO, KAaKOH CTOPOHOH MIIOCKOBBI-
MyKJ1as JIMH3a oOpaleHa K UICTOYHUKY.

PaGorta 4.1.2.

1.C xakoif enbpio Mpu Uccie0BaHUH MOJIeNel TeIEeCKOIIOB U MUKPOCKOIIA UCTIONb3YyeTCs 10-
NOJIHUTENbHAS 3pUTeIbHas TpyOa?

2.Yemy paBHBI ONIEPEYHOE, YIIIOBOE U MPOAOIBHOE YBEIUYEHUS TEIECKONa, eCU MepeIHue
(OKyCHBIE PacCTOSHUS €ro 0OBEKTUBA U OKYJIsipa paBHbI cOOTBeTCTBEHHO f1 =40 cm u 2 =
—2 cm?

3.IIpu KakoM YyCIIOBUM YII0BOE YBEIMYEHNE MUKPOCKOIIA paBHO MONEpeYyHOMY?

4 BriBenute ¢opmyny (4) u 0OBsICHUTE COOTBETCTBYIOIIMN METOJ] M3MEPEHUS yBEITUUEHUS
MHUKPOCKOTIA.

Pabora 4.1.3.

1.Yto Ha3bIBaeTCS MOJHBIM BHYTPEHHUM OTpakeHHEM?

2.Jlns1 wero rpanu ab u ed npusm P1 u P2 nenator matoBeiMu?

3.ITpu KaKkuX YCIOBUSX CIIOW KUAKOCTH MEXKIY HCCIIETyEMBbIM TBEPIBIM 00Pa3IIOM U TPH3MOI
P2 He BaMseT HAa U3MEPEHHOE 3HAYEHUE NTOKA3aTels IPEIOMIICHUS?

4.YTo Ha3bIBaeTCS aTOMHOU U MOJICKYJISIpHOH pedpakiueit? ChopMynupyiiTe mpaBuiio aain-
TUBHOCTH JUI pedpakiuii.

Pabora 4.2.1.

1.ITouemy B ieHTpe Kojer HproToHa B OTpakEHHOM CBETE PACTIOTIOKEHO TEMHOE MATHO?
2.Kak pacnonoskeHsl konbila HpioTOHA B TpoXosiieM cBere?

3.ITouemy mupuHa KoJer yObIBaeT ¢ yBeTUYCHUEM MOpsIKa’?

4.TTouemy npu pacuére HHTEP()EPEHIIMOHHON KApPTUHBI HE YUUTHIBAIOT OTPAKEHUE OT Mepe/i-
Hel (MI0CKOM) TOBEPXHOCTH JTUH3bI?



5.BeiBeute popmMyity, CBA3BIBAIOILYIO IIEPUO]] OUEHUI, BEIpa)KEHHBIN B UNCIIE KOJIEL, C JUIU-
HaMU BOJIH CIEKTPAJIbHBIX JIMHUH.

6.IloueMy BHIHOCTB KOJIELl YBEIMUYUBACTCS NMPHU JUapparMUpoOBaHUH MydKa MEpe]] OmaK-Hil-
JOMUHATOpOM?

7.Ilouemy nHTEpPEPEHINOHHBIE KOJIbIIAa OOIBIINX HOMEPOB KaXKyTCSl Pa3MbITHIMH?

Pabora 4.2.2.

1.ITouemy muactuaku P1 u P2 untepdepomerpa JXKameHna HOKHBI OBITH JOCTATOYHO TOJ-
cThIMH (HE MeHee 2-3 cMm)?

2.MOryT 11 3T IJIACTUHKU CHJIBHO OTIMYAThCS MO TOIIIUHE?

3.00bsicHUTE, TTOYEMY YBEIMUYMBACTCS YUCIO HAOIIOIaeMbIX MHTEP(EPEHIIMOHHBIX TOJIOC,
€CJIM Ha IIyTH JIy4eil U3 OCBETUTEIIS YCTAaHOBJIEH CBETO(UIBTP.

PaGora 4.2.3.

1.00BsicHHTE, TOYEMY TP MMOOYESPETHOM TIepeKpbIBaHUM 1ielneii D HaOmonaemas nudpaxiu-
OHHas KapTHHA HE CMEIIAeTCAl.

2.IToueMy mupurHa e S KOJUITMMATOPa A0JKHA ObITh JOCTATOYHO Manoi? OLeHuTe MaKCcH-
MaJIbHBINA Pa3Mep 3TOMH IIEIH, €CIIM U3BECTHBI (POKYC KOJUTMMATOPA U PACCTOSTHUE MEKY Iiie-
JISIMH.

3.byner nu HabmrogaThCs YETKAsE HyJIEBas M0JI0CA, €CITU UCCIIEAYEMOE BEIIECTBO 001a1aeT 3a-
MeTHOU aucnepcueit n = n(A)? Choenaiite COOTBETCTBYIOIINE OLICHKH.

Pabora 4.2.4.

1.C kako# CKOPOCTBIO JBMKETCS KapTHHA MHTEPPEPECHIIMOHHBIX TOJIOC MPHU MEePEMEIICHUN
MOJABUKHOTO 3epKaja?

2.YeM orpaHuveHa HanOOJBIIIAsI 1 HANMEHbINAS CKOPOCTH JBHKCHHSI 3€PKaJia, KOTOPHIE MOTYT
OBITH U3MEPEHBI B HAIIIEH YCTAHOBKE IO JIOTIJIEPOBCKOMY CMEIIIEHUIO YaCTOTHI?

3.Uem ompenensieTcss TOYHOCTh B U3MEPEHUH JITMHBI BOJTHBI Jlazepa? Kak 3ta TOUHOCTH 3aBU-
CHUT OT CKOPOCTH TepeMeleHus 3epkana?

4. Kakyo ¢hopMy UMEIOT WHTEP(EPEHITHOHHBIE TOJIOCHI MPU MPOU3BOILHOM PACHONOKEHUN
UCTOYHHKOB S1 n S27

PaGota 4.2.5.

1.Kax cBsi3aHbl MeXy COOOH (DYHKIIMU KOTEPEHTHOCTH U KOHTPACTHOCTH U300pakeHUN?
2.Kak nu3MepuTh AIMHY KOTepEHTHOCTH, PAaNYC KOT€pEHTHOCTH?

3.Ha puc. 6 npu nepexoje yepe3 pKOr MaKCUMyMbl HHTEP(PEPEHIIMOHHBIX MOJIOC MEHSIOTCS
Ha MUHUMYMBI. [louemy?

4.KakoB KIIJl anekTpruecKkoil JaMIibl HaKaIUBaHUs, UCIIOIb3YEMOM I OCBELeHHA?

5.Kak 3aBucuT panyc KOr€épeHTHOCTH OT IIMPHUHBI ONTHYECKOH IIEIH U PACCTOSHUS OT LN
JI0 BXOJTHOM TUIOCKOCTH MHTephepomeTpa?

6.Kak m3mMeHnTCS uncino HabIoaaeMbIX HHTEPPEPEHITMOHHBIX TTOJIOC, €CTH MEXIY TI1a30M H
MHUKPOCKOIIOM YCTaHOBUTh ONTHYECKUH Ppunbtp?

Pabora 4.2.6.
1.Kak BO3HHMKaET CHEKI-CTPYKTypa U 4eM OHa oTinuyaeTcs ot audpakuuu OpayHrodepa Ha
MEJIKOH ceTKe?
2.ITpu KakuX yCIOBUAX OyIeT HAOII0IAThCS CIIEKII-KapTHHA IPH OTPAKEHUH OT IIIEPOXOBATON
MOBEPXHOCTU?



3.Kak 3aBucut pamuyc KOppersiuu (pa3zoBOro MHOXHTEIS OT XapaKTEPUCTUK MATOBOH TO-
BEPXHOCTH, NTOKA3aTells IPETOMIICHHS MaTepraa?

4.Yem onpenensercs qyiMHa BekTopa |En| u yron ero moBopota Ha puc. 77

5.Yto Takoe paguyc MHIUKATPUCH PACCESTHUS U OT YETrO OH 3aBUCHUT?

6.Kak ncnonp30BaTh TUCTOrpaMMy KaMephl Jist €€ HaCTPOUKH?

7.Habmro1anock i B OIbITE HapyIIeHUE ycaoBus <eigy> = 07

Pa6ota 4.3.1. 3y4yeHue audpakiyu cBeTa.

1.06bsacHute, nouemy npu audpakuuu OpeHens Ha KPYriioM OTBEPCTUU B LIEHTPE KapTHHBI
MOJKET OBITh KaK TEMHOE, TaK U CBETJIOE MATHO, a MpU TUGPAKIUN Ha MPENATCTBUU KPYTIOM
JKpaHe MATHO Bcerna ceemioe (marHo Ilyaccona).

2.00bsicHUTE, IOYEMY cMelleHHe mienu S2 B 00KOBOM HampaBieHUH B YCTAaHOBKE HA pHC. 3
HE MPUBOJNT K CABUTY AU PAKIIMOHHOM KapTUHBL ByneT nmu cMemaThest KapTuHa AUPpaKIuu
IIPU CMELIEHUH eNn S2 B/I0JIb OCH YCTAaHOBKU?

3.Ilomyunre Gpopmyiy s pactpeieieHnss HHTEHCUBHOCTH npH audpaxmm Opaynrodepa Ha
JIBYX IIEIISX.

A "
4.BoiBenute popmyny d < 5 f1. Ha mpumepe pa3mbiTust HHTEpPEPEHIIMOHHON KApTUHBI MIPH

HIMPOKOM UCTOUYHUKE O0OBSCHUTE, YTO TAKOE MPOCTPAHCTBEHHAS] KOTEPEHTHOCTb.

5.Kak cBsizaHa BHIHOCTh MHTEPPEPEHIIMOHHON KaPTHHBI C IPOCTPAHCTBEHHON KOTEPEHTHO-
CTBIO UCTOYHHKA? UeM OTIIn4aroTcs rpadKy BUIHOCTH MIPU TUCKPETHOM M HETIPEPHIBHOM U3-
MEHEHHUH MapamMeTpoB UcToUHMKA? To ke 1)1 BpeMEHHON KOr€peHTHOCTH.
6.Chopmynupyiite Teopemy badune.

Pabora 4.3.2. Jludpakumst cBeTa Ha yIbTPa3BYKOBOW BOJIHE

KoHTtposbHbIe BOIPOCHI

1.ITokaxwure, 4TO MEPHOA AKYCTHUECKON PEIIETKN COBNAIAET C JUIMHOM Oeryiieil yabTpa3By-
KOBOM BOJIHBI KaK B cilyyae Oerymux, Tak ¥ B CIydae CTOSIYUX BOJIH.

[ToxaxuTe, uro popmyna Asin8,, = mA (m =0,%1,£2,..) crnpaBemiusa Juis Jr000H me-
PHOAMYECKON PEHIETKH, HE3aBUCUMO OT TOT0, SIBJISIETCS JIM OHA aMILIUTYIHOM WK (ha30BOM.
2.Kak n3mMeHsieTcs BO BpeMEHU MHTEHCUBHOCTH CBETa B JU(PAKIIMOHHBIX MaKCUMyMax pa3-
HOTO MOpsiiKa NMpHU Au(dpakiny cBeTa Ha OETYIIHUX U Ha CTOSYUX YJIbTPa3BYKOBBIX BOJIHAX?
3.B uém orimume MeToa TEMHOTO TIOJIs OT MeToJ1a (ha30BOT0 KOHTpacTa?

4.ChopmynupyiiTe 3KCIEPUMEHTATBHBIN KPUTEPUN TOTO, YTO aKyCTHUECKas periéTKa sBiis-
eTcst YucTo (Pa3oBoii.

Pa6ota 4.3.3. UccnenoBanue pa3pemiariiei criocoOHOCTH MUKPOCKOTa MeTofoM AbGOe
KoHTpoJIbHBIE BOITPOCHI

1.Kakomy yCIIOBHIO JIOJDKHO YIOBJIETBOPSTH PACCTOSTHAE MEXKITy CETKOM U SKPaHOM, YTOOBI Ha
9KpaHe Halmoaanack nudpaxiuonHas kaptuna Opaynrodepa?

2.ITouemy nipu HaOTFOICHIH TU(DPAKIINN HA YIAIEHHOM dKpaHe TUPPAKITUOHHBIC MAKCUMYMBI
B CITydae KPYIHBIX CETOK TEPEKPHIBAIOTCS?

3.ITouemy mpeamMeT pacronaraercs BOJIU3H nepeaHeit GokambHOM MIOCKOCTH 00BEKTHBA MHK-
pockomna?

4.TToueMy Tpu CMEIICHUU CETKU B MOMEPEYHOM HANpPaBIEHUH MEPBUYHOE H300paKEHUE HE
MEHsIETCsl, @ BTOPHUHOE cMelaercs?

5.Kakoii mpocTpaHCTBEHHBIN (PUIBTp CEIYET PACIONIOKUTH B 3aJHEH (HOKATBHOMN TIOCKOCTH
00BEKTHBA, YTOOBI MOJIIYYUTh B IIIOCKOCTH P2 m300pakeHHe CETKU C YMEHbBIIIEHHBIMH B JIBa
pa3a JIMHeHHBIMH pa3MepaMu sTueeK?



Pa6ota 4.3.4. Meton npeobpaxenus Oypbe B ONITUKE

KoHTponbHbIE BOIIPOCHI

1.Kaxk cBsi3aHbl MeXIy cO00H M300paxeHnus, Habmonaemble B miockoctax P1, ,P2?

2.YTo 001Iero MexIy CIEeKTPOM OJMHOYHOM IIETH M CIIEKTPOM MEPHOANYECKON MOCIIea0Ba-
TEJIbHOCTH 11IEJIEH TaKoM K€ IIUPUHBI?

3.Kak cBs3anbI Mex 1y co00i mIMpuHa IIeTH U UPHHA e€ crieKTpa?

4.B pabore HaOmonaercs kaptuHa nudpakuun OpayHrodepa Ha cetke. Kakue mapamerpsl
CETKH MOKHO OTIPE/ICIHTH 1O ATOM KapTHHE?

5.Yto 0o0miero u 4em OTIMYAIOTCS CIIEKTPBI, oOpasyromuecs npu nudpakuun Opayrrodepa
Ha ILIEJIU U Ha BoJioce?

Pa6ota 4.3.5. 3y4yeHue rojaorpaMmmsl

KoHnTponbHbie Bopochl

1.B ueM cX0/ICTBO U pa3iaryre roJiorpaMMbl TOYEYHOTO UCTOYHUKA U 30HHOH M1acTUHKU Dpe-
Hens, potorpaduu koier Herorona?

2.Yt0 M3MEHHUTCA B M300paKEHUU TOJIOTPaMMbl TOYEUHOTO HCTOYHHUKA, HAOIIOJAEMOTro MO
cxeMe, M300paKEHHOM Ha puC. 1, ecliM yCTpaHHUTh TOUEYHbIH UCTOUHUK O';, mOMeCTUB B (ho-
Kyc auH3b! JI HeOOIBIION HEeMTpo3pauHbIi SKpaH-PHIBTP?

3.Kak n3menutcs GoxycHOE pacCTOSTHUE TOJI0rpaMMbl TOYEYHOTO HCTOYHHKA, €CIIM OHa Obliia
[OJIyY€Ha MPHU OJIHOM JIJIMHE BOJIHBI, @ OCBEIIAETCS CBETOM C APYTOil AJIMHOM BOJIHBI?

4.Yem omnpenensieTcss MUHUMAJIbHBIA pa3Mep ToJIorpaMMbl, IPU KOTOPOM MOKHO BOCCTaHO-
BUTH M300pakeHue npeamera?

5.Kak uzmensitcst macmraObl IEHCTBUTEIIBHOTO 1 MHUMOTO H300payKEHUH TIpeIMeTa, €CIIH Io-
JIOTPaMMY OCBELIATh PacXOJSIIeHCs NI CXOsIIecs BOTHON?

6.Kak 3aBuCcHT quamnas3oH yrioB, 0/ KOTOPBIM MOXHO pacCMaTpUBAaTh MHIMOE H300pakeHne
MpeaMETa, OT Pa3pelIarIieii criocoOHOCTH (OTOAIMYIIBCHH, OT IIUPHUHBI CIIEKTPAa UCTOYHUKA
cBera?

Pabota 4.3.6. ludpakuus cBeTa Ha MEPUOAUYECKUX CTPYKTYpax (CaMOpErpoayKLus).
KoHTposbHbIe BOIPOCH!

1.0uenuTte, Ha KAaKOM PAaCCTOSHUM OT SKpaHa J0 PEHIETKU BBITOJIHACTCS yCI0BUE AU(paKIUK
®payHrogepa.

2.ITouemy B SKCIIEpUMEHTE MOJIy4aeTCs JIMIIb HECKOJIBKO YETKUX PETIPOIYIIUPOBAHHBIX N300-
pa’kKeHUH PEeIeETOK?

3.00bscHUTE, KaK MOJIy4aeTcsl BbIpaKEHUE Ul HaNpaBiIeHUs HAa AU(PaKIUOHHBIE MaKCH-
MYMBI.

4.00bsacHUTE, TOYEMY H300pakeHUE IPOBOJIOYHON CETKH PENpoIyLupyeTcs, a U300paxeHne
OJIMHOYHOH MPOBOJIOYKH HE PENPOIYLIUPYETCS.

Pabota 4.4.1. AMmmutynHas nudpakimoHHas pemeTka

KoHTpoibHBIE BOIPOCHI

1.JlaiiTe onpeneneHue CeKTPaIbHBIX XapaKTEPUCTUK JUPPAKIIMOHHOMN pEmIETKH.
2.Chopmynupyiite kputepuii Pemest.

3.Kak MeHSOTCS yTII0BBIE XapaKTEPUCTUKHU CIIEKTPOB IIPY M3MEHEHHUH ITEPHO/Ia PEIIETKH, Pa3-
Mepa IITpuxa, pa3Mepa BCeil pemeTkn?

4.MO0>XHO JI1 TIO CIIEKTPY PTYTHOM JIaMIIbl ONPEAETUTh B BAllIUX OMBITaX AUCIEPCHOHHYIO 00-
JacTh?



5.Kakne ¢usnueckue u TEXHUUYECKHUE MPUUUHBI ONMPEALISIIOT Yyucio 3P deKkTuBHO padoTaro-
MIUX [TPUXOB AU(PAKIIMOHHOHN peméTKku 60sbIIoro pazmepa’?

Pabora 4.4.2. ®a3oBas nudpakiunoHHAs pEIIeTKA.

KoHTpoJIbHBIE BOIIPOCHI

1. MaitTe onpeneneHus CHEKTPAIbHBIX XapaKTEPUCTHUK SIIEIETTA.

2.B yem 3aki04aeTcsi MperMyIIeCTBO SIIENIETTa [0 CPAaBHEHUIO C aMIUTUTYAHOW AU(paKiu-
OHHOM PEIETKOMN?

3.Kakoii a5eMeHT CrieKTpallbHOTO MpuOopa: 3MIeNeTT, TOHHOMeTp, Bamr rina3 (4yBcTBUTEb-
HOCTB, OCTPOTa 3pEHHS)  OKa3al HauOoJblIee BIUSHIE HA TOYHOCTh OL[EHKH pa3pelaromeit
CIIOCOOHOCTH?

4.HapucyiiTe NpUHIUIHAIBLHYIO ONITUYECKYIO CXeMY YCTaHOBKH I OIpeieieHust pabodero
MOPsIKA IIIEJIETTa U ero paboyeil IITMHBI BOJHBI.

5.HapucyiiTe kauecTBEHHYIO 3aBHUCHUMOCTb MHTEHCHUBHOCTH OT YIJla M3JIy4Y€HHs B JalbHEH
30HE 7151 paboueil ATUHBI BOJIHBL. DIIeNeTT paboTaeT B aBTOKOJLITUMAI[HOHHOM PEXHME.

Pabora 4.4.3. V3yueHue npu3Mbl C IOMOIIbIO TOHUOMETPA.

KoHTposibHBIE BOIPOCHI

1.JTaiiTe onpeneneHre CreKTpalibHbIX XapaKTEPUCTUK MPU3MbI. UeMy paBHA €€ AMCIIEPCHOH-
Hasi o0nacTe?

2.BoiBeTe COOTHOILICHUE, CBSI3BIBAIOIIEE YTOJl HAMMEHbILIErO0 OTKJIOHEHHS U 3HaYeHHE I0-
Ka3aTess NpeJOMIICHHUS.

3.aiiTe kauecTBeHHOE O0OBSICHEHNE 3aBUCUMOCTH ITOKA3aTelIs IPETOMIICHHS CTEKIIA OT JJTUHBI
BOJIHBI B OIITUYECKOM JHAIa30He.

4.01eHnTe MaKCUMAJIbHBIN 111ar aMIUIMTYAHON PEIIETKH, IIPU KOTOPOM €€ yIiioBasi IUCIEPCUs]
B |-M nopske cpaBHMMa ¢ YIVIOBOW AMCHEPCHEN Baled Npu3Mbl. I 3TOTO mara OLEHNTe
pa3Mep peméTKH, Ipu KOTOpoi e€ pa3pelaroiias CocOOHOCTh B 1-M MOpsi/IKE CIIEKTpa CpaB-
HUMa C pa3pelaronieii CiocOOHOCTIO PU3MBI.

Pa6ota 4.4.4. Uatepdepomerp Pabpu-Ilepo

KoHTpoJIbHBIE BOIIPOCHI

1. JTaiite onpenenenust U npuBeauTe GOPMyJIbl pacuéTa ClIEeKTPAIbHBIX XapaKTEPUCTUK UHTEP-
depomerpa @abpu_Ilepo.

2.Ecnu Ol xENThle JIMHUM PTYTH ObUIM HE Y3KMMH, a MEPEKphIBAIU JIPYT ApYra, T.e. UMEJH
mupHuHy 21 “A, TO MOXHO JIM UCCIIEI0OBaTh TAKOM CHEKTP BaIllUM UHTEPPEepOMETpOM?
3.0ueHnTe MUHMMalbHBIM TuaMeTp 3epkaj MHTepdepomeTpa, MpH KOTOPOM pa3peniaercs
KENTHIN 1y0OseT HAaTpusl.

4.0ueHnTe JUIMTENbHOCTh UMITYJIbCa U3YUYEeHUsI HATPUEBOH JaMIlbl, TP KOTOPOH MHTEpde-
pPOMETp He pa3peraeT *KENThINA ay0aer. st 3Toro ciryyasi OLleHUTE MyTh, KOTOPBIH MPOXOIUT
CBET BHYTpH HHTep(depomeTpa, cpaBHUTE ero ¢ 0a30ii uHTepdepomeTpa.

Pabora 4.5.1. I'enuii-HeOHOBBIH J1azep.

KoHTposbHbIE BOPOCH!

1.ITouemy He yma€Tcst MONIYIUTH OOJBIETO yerieHus B Tpyoke He—Ne-mazepa myrém yBenu-
YEHUs pa3psAaHOro ToKa?

2.3a4eM OKOIIKH B JIa3€PHOM TPYOKe MPUKIICCHBI ITO/T YIJIOM U TIOYeMY Hapy)KHbIE IOBEPXHO-
CTH OKOIIEK CMOTPST BHU3, a HE BBEPX MJIM BOOK?

3.3auem B na3epHOi TpyOKe K pabouemMy BEIIECTBY — HEOHY TOOABIISIETCS TeIHiA?



4.3aueM OCyILECTBISETCS MOIYJISIUS ydKa U3MEPSEMOT0 U3ITyYeHHUS M MOYKHO JIU 000NTHCH
0e3 MOy SAIMN B JAHHON YCTaHOBKE?

Pabora 4.5.2. MaTepdepeHIus 1a3epHOro u3IydeHusl.

KoHTpoJIbHBIE BOIIPOCHI

1.00bscHuTe IpUHIUT AelicTBUS pomba Dpenens.

2.Yemy paBHA BUJHOCTh HHTEP(PEPEHIIMOHHON KapTUHBI HHTEPPEPUPYIOIIUX BOJIH OJJMHAKO-
BOW MHTEHCUBHOCTH, €CJIA OJ{HA BOJIHA UMEET IUIOCKYIO MOJISIPU3ALINIO, a Pyrasi KpyroByoo?
3.Kak n3mensiercs kpuBast V2(¥) npu yMEHbIICHUN U NIPU YBEIMUYCHUU PACCTOSHUS MEXKIY
3epKajaMH ONTHYECKOI0 pe30HaTopa jazepa’?

4.3 xakux coOOpakeHUil cieqyeT BbIOMpATh HIMPUHY BXOAHOM wIeNU (POTOMPUEMHOTO
ycTpoiicTBa?

5.Kak Beirsaut 3aBucuMocts V (€) aiist OJHON MOBL; UTsl IBYX MOA?

Pa6ora 4.5.3. Ckanupyromuii uaTepdepomerp.

KoHTpoJIbHBIE BOIIPOCHI

1.00bscHUTE OCHOBHBIE MPOLIECCHI, MPUBOJSALINE K MOSBICHUIO MHBEPCHOM 3aCEIEHHOCTU
YPOBHEW HEOHA.

2.IToueMy mToCKOMapaieIbHBIE TUIACTHHKH, 3aKPBIBAIOIIHNE C TOPIIOB pabouyIo TpYOKY ¢ Te-
JTUH-HEOHOBOW CMEChIO, YCTAHABIIUBAIOT MO/ yriioM bproctepa?

3.Uro Takoe moabl? [lomyuute GopmMyny U1 — Uy = i JUTSL MEKMOJIOBOTO PACCTOSIHHUSI.

4.B 4éM cOCTOUT yclioBUE BO30OYKIeHUsI Jiazepa?
2ml

A(1-1)

5.BeBegute ¢dopmyny R = JUIsL  pa3peliaronieil crnocoOHocTu HHTepdepomMeTpa

®abpu_Ilepo.

6.Kak paboraeT nmonspu3aioHHas pa3Bs3Ka?

7.11pu kakout anune pezonatopa He—Ne-nazepa, He3aBUCUMO OT YpOBHSI HAKAYKU, T€HEpaIus
BO3MOYKHA He 0oJiee 4YeM Ha OJHOM Mo/ie (0THOMOIOBBIH J1azep)?

Pa6ota 4.6.1 UHTepdepeHuns 3J1eKTpOMarHuTHBIX BOJIH MUJUIMMETPOBOT'O IMANa30Ha.
KoHTponbHbIE BOIIPOCHI

1.BeiBenute cootnomenue [ = I; + I, + 2\/E12 CoS @.

2.Kak y0enuThCs Ha OMBITE, YTO 3JIEKTPOMArHUTHAS BOJHA, U3JIydyaeMas repeatomieil aHTeH-
HOW, TMHEWHO NOoJspru30BaHa’?

3.Kak skcrieprMeHTanbHO OIpeNeNUTh HampaBlieHHe KoleOaHWi BEKTOpa JJIEKTPUYECKOTO
0JIS1 B DJIEKTPOMAarHUTHOW BOJIHE?

4.B uém 3akiroyaeTcs 3aKoOH Maitoca M Kak ero 3KCIepuMEHTaIbHO POBEPUTH?

5.I1pu Kakux yCIOBHUSX MOKHO HaOmoaaTh nHTEpdepentno IM-BoaH?

6.01eHnTE UTHHY U PaIyC KOTEPEHTHOCTH JUIS OTIBITA C 3ePKaJIOM M PEIIETKOM.

7.YKaxuTe BO3MOKHBIE MPUUMHBI PACX0K/I€HUSI U3BMEPEHHBIX B paboTe BEIMYUH IPYT C APY-
TOM U C U3BECTHBIMU 3HAYEHUSIMH 3TUX BEJIUYHH.

Pa6ora 4.6.2. TynHenupoBaHue MUJUIMMETPOBBIX PaIMOBOJIH.

KoHTpoJibHBIE BOITPOCHI

1.Kaxkoif yrosn Ha3bIBaeTCs NpeAEIbHBIM YITIOM IOJHOTO BHYTPEHHETo oTpakeHus? Yemy oH
paBeH?

2.Yto Takoe HeoaHOpoHAas BoaHa? Kak HanpasiieH BekTop YMoBa—IloiHTHHTa B TAKOI BOJIHE
U ouemy?



3.B uem 3akiiouaeTcs sIBI€HHWE TYHHEJIUPOBaHMS BOJH? UeMm OTiIMYaeTcsl 3TO SIBICHHUE OT
0OBIYHOTO MPOXO’KACHHUS BOJH Yepe3 TOHKUE MPO3pavHbIe UTACTUHKHU?

4.KakoBbI BO3MOKHBIE IPUYMHBI PACXOXKICHHUS U3MEPEHHBIX B paboTe BETUYUH JPYT C APY-
T'OM M ¢ TaOJMYHBIMU 3HAYCHUSIMU ATUX BEITUUNH?

Pabora 4.7.1. [IBoitHOE NTyuenpeaoMIIeHHE.

KoHTpoJIbHBIE BOIIPOCHI

1.Kak cBsi3anbl Mexay co0oit BekTopsl D u E B aHu3zoTpomnHoii cpene?

2.Kak HarpaBiieHa ONITHYECKasi OCh B OJJTHOOCHOM KPUCTAIIIE OTHOCUTENBHO IIIaBHBIX OCEH 3JI-
JIMIICOUJA TUIIEKTPUYECKUX ITPOHULIAEMOCTEN ?

3.laiiTe onpeeneHue TIaBHbIX TOKa3aTeNei MpeToMIICHHUS.

4.1lpuBeauTte mpumMep, KOTra BOJIHA, PACIPOCTPAHSIONIAACS B KpUCTaJLIE, SBISETCS OOBIKHO-
BEHHOI U KOI'Zla HEOOBIKHOBEHHOM.

1 1 1 _ sin?0 | cos?6 6 .
. Oﬂqu/ITe n3 n2(® = Tlg + n% HpI/I JINJKCHHOC BI)Ipa)KeHI/Ie

n(0) = n, + (ny — n,) cos? 6.
6. Kak anekrpomMarautHas TeOpusi OOBSCHSET MOSBICHHUE JIBYX MPEIOMIEHHBIX BOJIH TIPH I1a-
JIEHWH TLIOCKOH BOJTHBI HA TOBEPXHOCTH OJHOOCHOTO KPHCTAA?
7. Kak 3aBUCHT MOKa3aTeNb MpeloMIIeHHs OOLIKHOBEHHOH 1 HEOOBIKHOBEHHOH BOJIHEI OT YIiIa
MEXTy OChIO KPHCTAIIA H BOJTHOBOH HOPMAJIbi0?
8. Kak Gyzer 3aBHCeTh MOKasaTeNb IPETIOMIEHHUs I OOBIKHOBEHHON M HEOOBIKHOBEHHOM
BOJIHBI OT YI7Ia IIPEJIOMIIEHHS, ECI OCh KpUCTaJlIa Oy/IeT mapaiienbHa
OCH BpAIlEHHUs TPU3MBI?
9. Kak HampasieHbl BeKTophl E B BRIXOIAMNX W3 TIPH3MBI Tydax?

Pa6ora 4.7.2. DddexT I[Tokkenbca

KoHTponbHbIe BOIPOCHI

1. Moxno nu Habmroaath 3¢ dext [Tokkenbca B KUAKOCTH?

2. [louemy npu nmoBopoTe aHanuzaropa Ha 90° nHTephepeHIIMOHHAS KapTHHA HA YKpaHEe Me-
HSIETCS C MIO3UTHBA HA HETATUB?

3. Uro Takoe monyBoHOBOE HanpspkeHue U_/2? Kak 0HO 3aBUCHT OT JTHHBI BOJHBI A?

4. Mouemy pu U = 1 2U_/2 nonsipuzanysi Ha BBIXOJIE U3 KPUCTAJLIA KPYTroBasi?

5. OueHuTe OTHOCUTEIHHOE U3MEHEHHE ToKa3aTels MPEeOMIICHUs JaHHOTO KpHCTasia MpH
nonave Hanpspkenus U = U_/2.

6. Beseaute hopmyny I, = I, cos 2 (E ¢ >
2 U)l/z

Pabota 4.7.3. Tlonspusanus

KoHTponbHbIE BONIPOCHI

1. ITokaxkure, 4TO IPU BBINIOJIHEHUH YCII0BUA bprocrepa oTpaxE€HHBIN U IPETOMIIEHHBIN JIy4n
B3aMMHO NEPIIEHIUKYISPHBIL.

2. Kak OTJIMYMTH CBET C MPABOM U C JIEBOM KPYrOBOM MOJISIpU3aIINEi?

3. HemonspuzoBaHHBIM CBET MPOXOAUT Yepe3 ABOSKOMPEIOMIISIONIYIO TUIaCTUHKY A/4. UTto
MO’KHO CKa3aTh O MOJIAPU3ALMU CBETa Ha BBIXOJE U3 IJIACTUHKU?

4. Kak OTJIMYUTH €CTECTBEHHBIN CBET OT CBETA, MOJISIPU30BAHHOIO 110 KPYTy, U OT CMECH €CTe-
CTBEHHOT'O CBETA CO CBETOM, MOJISIPU30BAHHBIM I10 KPYTy?

5. O0bscHUTE U3MEHEHNUS UHTEHCUBHOCTH U 1[BETa, HA0Jt0/1aeMBbI€ B OIBITAX 10 UHTEp(hEepeH-
LMY MOJSPU30BAHHBIX JTy4eH.

6. [Touemy cBeT OT BeuepHero Heba MoIIpU30BaH?



Pabora 4.7.4. BparieHue miIocKOCTH MOJISPU3ALIUH.

KoHTpoJIbHBIE BOIIPOCHI

1. B uém 3akirodaeTcst OTIMYME ONTHYECKOW aKTUBHOCTH OT JBOMHOTO JTyYETIPEIIOMIICHHS ?
2. Kak o0bsicaser Teopust @peHenst HoBOPOT INIOCKOCTH MOISIPU3AIUH B ONITUYECKH aKTHUBHBIX
BelllecTBax?

3. YTto Ha3bIBAIOT y/EIbHBIM BpallleHHEM ?

4. Kak paboraer nosnsipu3aniuonnas npu3ma Hukons?

5. OnumuTe NPUHIMI YCTPOICTBA U pabOTHI MOIAPUMETPA.

6.Ilpu nccaenoBaHUM MarHUTHOTO BPAIIEHUS IJIOCKOCTH MOJISPU3ALMKM UHOTJA IPUMEHSIOT
YCTPOMCTBA C MHOTOKPATHBIM MPOX0X/IEHUEM CBETa B 00pa3lie B HANPABJICHUU MO U MPOTUB
MarHuTHOro noiist. O0bsICHUTE, IOYEMY B 3TOM citydae 3(h(HeKT HOBOPOTA INIOCKOCTH MOJISPU-
3al[U¥ HAKaIlJIMBACTCA.

4. Kputepuu olleHMBaHUSA

[To pe3ynpraTaM mOAroToBKH padboTy BeicTaBisieTcs oT 0 1o 10 6amioB corilacHO ypOBHIO TOATO-
TOBKH cTyzeHTa. [1o pe3dynbratam caauu BeictaBisercs ot 0 10 10 6amioB coryiacHO ypOBHIO MOA-
TOTOBJIGHHOTO OTYETa M 3HAHMHU CTyAeHTa. M3 mosrydeHHBIX 0aiioB 3a KKy pabdoTy paccdu-
ThIBA€TCS CPEIHUN Oa

Ornenka banner
10
OTJINYHO 9
8
7
XOPOIIO 6
5
4
YIOBJICTBOPUTEIIHHO 3
HEYIOBJIETBOPUTEIHHO i

W3 monyueHHbIX 0aioB 3a KaXaylo pabdOTy pacCUMTHIBAETCS CPEeAHHI 0al, KOTOPBIA ompesie-
JISIET OIIEHKY 3a 3a4ET.

Onenka «oTyim4Ho (10)» BbICTaBIIsSIETCS CTYJEHTY, IOKAa3aBLIEMY BCECTOPOHHUE CUCTEMAaTHU3UPO-
BaHHbIE TTTyOOKHE 3HaHUs yueOHOU MporpamMMbl U 3a €€ ImpelienaMy, a TakKe YMEHHE YBEPEHHO
NPUMEHSATh UX Ha MPAKTHKE MPH BBHITIOJIHEHUH U c/1ade J1abopaTopHOil paboThI.

Onenka «oTam4Ho (9)» BBICTABISIETCS CTY/ACHTY, IIOKa3aBIIEMY BCECTOPOHHUE CHCTEMAaTH3HPO-
BaHHbIE NTyOOKHE 3HAHUA y4eOHOW MPOrpaMMbl U YMEHHE YBEPEHHO MPUMEHSTh UX Ha MIPAKTHKE
IIPU PELIEHUN HECTaHIapPTHBIX 3a]1a4.

Onenka «oTau4HO (8)» BBICTaBIIAETCA CTYACHTY, IOKA3aBIIEMY BCECTOPOHHUE CUCTEMATU3UPO-
BaHHbIE [NTyOOKHE 3HAHUS y4eOHOW MPOrpaMMbl U YMEHHE YBEPEHHO MPUMEHSATh UX Ha MIPAKTHKE
IIPY BBIMOJHEHUH U cJjaue J1adopaTopHOi paboThl, OJJHAKO JOMYCTUBIIEMY HEKOTOpPbIE HETOYHO-
CTH IIPHU OTBETE.



OreHka «xopomio (7)» BBICTaBISETCS CTYACHTY, €CJIM OH POJIEMOHCTPUPOBAJT TBEPIOC 3HAHUE U
yBEpEHHOE NTOHMMaHKe MaTepuana yueOHOH IporpaMMbl U yMEHHE CBOOOJHO NMPUMEHSATh (HpU3H-
YeCKHE 3aKOHBI Ha MIPAKTUKE MIPU BBIOJHEHUH U cjaue JJabopaToOpHOU pabOTHI.

OrneHka «xopouio (6)» BBICTABISIETCS CTYACHTY, €CJIH OH MPOAEMOHCTPHPOBAI TBEPJIOC 3HAHUE
MaTepuana y4yeOHOH ImporpaMMbl U YMEHHE MPUMEHSTh (PU3NYEeCKHe 3aKOHBI HA MPAKTUKE MpU
BBITOJIHEHUH U Cllaue J1adopaToOpHOi paboTHI.

Orenka «xopomo (5)» BbICTABISIETCS CTYICHTY, €CJIH OH MPOIEMOHCTPUPOBAIT TBEPAOE 3HAHUE U
MMOHUMaHWE MaTepualia yueOHOM TPorpaMMbl 1 YMEHHUE TPUMEHSATH (PU3HUECKUE 3aKOHBI Ha MPaK-
TUKE MPH BBITIOJIHEHUH U c/1aue 1a00paTopHOil paboTHI, 0JIHAKO JOITYCTHII IIPU OTBETE PsIJl IPYObIX
HETOYHOCTEH.

O1ieHKa «y/10BJIE€TBOPUTENBHO (4)» BBICTAaBISICTCS CTY/ACHTY, IOKa3aBIeMy GparMeHTapHbIi xa-
paKTep 3HaHUH, JOMyCKAaBIIEMY HETOYHOCTH B ()OPMYITMPOBKE OCHOBHBIX 3aKOHOB M 0a30BBIX 1O~
HATHH, HO IIPU 3TOM MPOJIEMOHCTPUPOBABIIEMY CIIOCOOHOCTh BBIIIOJIHATH OCHOBHBIE 3a/1aHUS IPU
BBITIOJIHEHUH U cJjaue JIabopaTopHOi paboTHI U BiIaJeHHEe OCHOBHBIMU pa3/ieiaMu yu4eOHO mpo-
rpaMMbl, HEOOXOMMBIMHU IS AaJbHEUIIEro 00yueHHs.

OreHKa «ya0BJIeTBOPHTEIBbHO (3)» BBICTABISICTCS CTYICHTY, MOKAa3aBIIEMY CHJIBHO (pparMeH-
TapHBIA XapakTep 3HAHUH, JOMyCKaBIIEMY TpYyObIe OMMOKHU B (HOPMYTHPOBKE OCHOBHBIX 3aKOHOB
¥ 0a30BBIX MMOHATHIA, HO IPU 3TOM ITPOIEMOHCTPHPOBABIIEMY CITIOCOOHOCTB ITPU 3TOM IPOJEMOH-
CTPUPOBABIIEMY CIIOCOOHOCTH BBITIOJIHATH OCHOBHBIE 33JJaHUS IIPY BBITIOJHEHUH U Cllave Jlabopa-
TOPHO paboThI U BIIaICHHE OCHOBHBIMHU pa3/iellaMH Y4e€OHOH MPOrpaMMbl, HEOOXOJMMBIMU IS
JabHENIEero o0y4yeHusl.

Ol1ieHKa «HEeY/I0BJIeTBOPUTEIbHO (2)» WK «HEyT0BJeTBOpUTENLHO (1)» BhIcTaBIsICTCS CTY-
JIEHTY, KOTOPBII HE 3HACT 3HAUYUTENBHYIO YaCTh OCHOBHOT'O COJEPKaHUS IPOrpaMMBbl, CUCTEMA-
TUYECKH JIONyCKAeT IrpyOble OMIMOKH Mpu GOPMYIUPOBAHUN OCHOBHBIX (PM3MUYECKUX 3aKOHOB
WIN He CI0COOEH KOPPEKTHO NMPUMEHATh (PU3MUECKUE 3aKOHBI JJasKe JJIsl peIIeHUs MPOCTHIX 3a-
Jad.

5. MeToauyeckue MaTepuaJbl, onpeaesiiolue nNpoueaypbl oleHMBaHUA 3HAHUH, YMEHUIA,
HABBIKOB M (WJIH) ONBITA 1eATEJILHOCTH

3adeT B KaXKJI0M CEMECTpe MPOBOIUTHCSA 110 UTOTaM TEKYIIEH ycrieBaeMOoCTH (pe3yabTaTaM

c1aun J1a00opaTOpHBIX PaboT)



